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INTRODUCTION 

In the past few years, small electroexplosive devices (EED's) have become 

increasingly important to the missile and aerospace industries. This is because 

of their high ratio of power to weight and size and to their rapid functioning 

time compared to most other power-producing devices. The purpose of this report 
is to explore the present state of the electroexplosive art. It confines itself j 
to "off the shelf" devices and unclassified information. 

Electroexplosive devices are used for ignition, actuation, or initiation. 

Devices of the ignition class are, generally, electric matches or igniters whose ' 

primary function is to produce flame and heat for igniting rocket propellants or 

larger explosive charges. Igniters are generally the smallest of the many types 

of EED's because of the simplicity of their function. In the actuator class are 

devices which perform some mechanical function such as moving a piston, operating 

a switch, cutting a cable, or opening a valve. They are non or low-brisance devices 

and function through pressure impulse or by gas pressure generation. 

class of devices are more brisant. It includes primers, detonators, and other 
devices which transmit considerable explosive force. 

explosive trains, high-explosive initiation, destruct and space vehicle separation 

units. Initiators use high-pressure shock waves to accomplish their function, and 

incorporate secondary explosives in their explosive charge. 

The initiator 

They are generally used in 

WIRE 

SPACER -1 
FIGURE 1. SCHEMATIC DIAGRAM OF SQUIB IGNITER 
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Squibs f a l l  under the  general  heading of i g n i t e r s .  They have l i t t l e  

b r i sance  and f i n d  t h e i r  p r i n c i p l e  use i n  l i g h t i n g  low-power explosives and 

p r o p e l l a n t s  o r  i n  i g n i t i n g  t h e  charge of a l a r g e r  i g n i t e r  device. 

come i n  many s i z e s  and shapes and have some app l i ca t ions  as low p res su re  

(200-500 p s i )  p re s su re  ca r t r idges .  

Squibs 

SPACER 

BRIDGE WIRE /Ti CASING 

I G N I T I O N  BEAD 

LEAD 

IGNITION CHARGE 

\ / / -  PLUG 

BRIDGE WIRE 

I G N I T I O N  BEAD 

MAIN CHARGE 

IGNITION CHARGE 

WIRE 

FIGURE 2. SCHEMATIC DIAGRAM OF PRESSURE CARTRIDGE 

The a c t u a t o r  group includes pressure c a r t r i d g e s ,  gas genera tors ,  dimple 

motors, p i s t o n  ac tua to r s ,  bellows motors, and cable  c u t t e r s  (or g u i l l o t i n e s ) .  

Pressure  c a r t r i d g e s  a r e  u s e f u l  power sources f o r  genera t ing  a l a r g e  p re s su re  

pu l se ,  i .e . ,  a high pressure  f o r  a short  i n t e r v a l  of time. This p re s su re  is 

t h e  r e s u l t  of t he  high temperature gas generated i n  the c a r t r i d g e .  

time, h e a t  t r a n s f e r  t o  i t s  surroundings reduces t h e  i n t e r n a l  p re s su re  near ly  

t o  ambient. These devices are extremely use fu l  i n  valve and t h r u s t e r  opera- 

t i o n s .  

Af t e r  a 

They are one o r  two inches in length and weigh one or  two ounces. 
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IGNITION 
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BRIDGE W I R E  

BEAD 

MAIN CHARGE - 
IGNITION CHARGE 

FIGURE 3. SCHEMATIC DIAGRAM OF GAS GENERATOR 

WIRE 

Gas generators  range upward i n  s i z e  from t h a t  of a small squib t o  seve ra l  

inches i n  diameter and seve ra l  inches i n  length.  

p re s su re  ca r t r idges .  They produce a continuous pressure;  a high r e s i d u a l  

p re s su re  remains a f t e r  hea t  t r ans fe r  because of t h e  production of gaseous 

combustion products.  Generators can be made t o  produce cons tan t ,  increas ing  

o r  decreasing pressure  over a t i m e  i n t e r v a l .  

mi l l i seconds  f o r  squib-s ize  generators t o  many seconds on l a r g e r  models. 

Smal l  gas generators  a r e  used q u i t e  ex tens ive ly  t o  charge l i q u i d  cell  
b a t t e r i e s  by d i sp lac ing  e l e c t r o l y t e  i n t o  the  b a t t e r y .  

used ex tens ive ly  i n  supplying pressure t o  hydraul ic  and similar systems. 

These devices  d i f f e r  from 

The i n t e r v a l  can be several 

Larger types are 



I ., 
I 
I 
I 
I 
I 
I 
I 
I- 
I 
I 
I 
1 
I 
I 

t I 

EXTENDED 

BRIDGE WIRE 

IGNITION BEAD 

POSITION 

MAIN CHARGE 

LEAD WIRE 

FIGURE 4 .  SCHEMATIC DIAGRAM OF DIMPLE MOTOR 

Dimple motors are low energy actuators whose dimpled end extends outward 

upon actuation. 

with no contamination of surroundings. Typical uses of these motors are as 
indicators and actuators of switches, locks, and releases. 

These devices feature complete sealing of combustion products 

BRIDGE WIRE 

\- 
- IGNITION BEAD 

MAIN CHARGE 

BEFORE FIRING 

FIGURE 5. SCHEMATIC D GR 

- LEAD WIRE 
AFTER FIRING 

OF PISTON ACTUATOR 
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Pis ton  a c t u a t o r s  are l a r g e r  energy a c t u a t o r s  than dimple motors and are 

cha rac t e r i zed  by a moving p i s ton .  

are capable of blowing t h e  p i s ton  f r ee  of i t s  casing.  

i n  combustion products and contamination is  minimized. 

i nc lude  l a t c h  r e l e a s e ,  switch ac tua t ion ,  diaphram puncture,  and valving. 

Some lock a t  t h e i r  extended pos i t i on .  Others 

These devices usua l ly  seal 

U s e s  of these  devices 

1 c 
b I 

BEFORE F I R I N G  AFTER F I R I N G  - EXTENDED P O S I T I O N  

FIGURE 6.  SCHEMATIC DIAGRAM OF BELLOWS MOTOR 

Bellows motors are similar t o  p is ton  ac tua to r s .  The d i f f e rence  between 

them i s  that instead of a p i s ton  extending from the  output end of t he  device,  

t h e  bellows type case i t s e l f  expands outward. 

combustion products are sea led  in. 

these  devices  can be used t o  start gyros and t u r n  r o t o r s .  

used t o  a c t u a t e  release mechanisms, valves ,  and switches.  

They are self-contained and 

Due t o  the  f l e x i b i l i t y  of t h e  bellows, 

They a l s o  may be 

LEAD WIRES 

BRIDGE W I R E  AND I G N I T I O N  

K N I F E  J. "/ 
ANVIL 

MAIN CHARGE 

PRE - F I R I N G  POST - F I R I N G  

FIGURE 7. SCHEMATIC DIAGRAM OF CABLE CUTTER 
(GUILLOTINE) 

53 



9 

Gui l lo t ines  o r  cable  c u t t e r s  a r e  devices similar i n  s t r u c t u r e  t o  p i s ton  

a c t u a t o r s .  The d i f f e rence  between them l ies i n  t h e i r  use.  As the  n a m e  

impl ies ,  g u i l l o t i n e s  are used t o  c u t  ordinary or e l e c t r i c a l  cab les .  I n  p lace  of 

t h e  p i s t o n ,  t he  cable  cut ter  contains a p i s t o n  k n i f e  which d r ives  i n t o  an a n v i l  

loca ted  a t  the  end of the  c u t t e r ' s  case.  

k n i f e  and the  a n v i l  is provided for t he  cable .  

and t h e r e  i s  l i t t l e  leakage of combustion products t o  the  surroundings. 

A hole  through the  case  between the  

These u n i t s  a r e  self-contained 

#-' ELECTRICAL CONNECTOR WIRES 

METAL PISTON 

MAIN CHARGE 

IGNITION BEAD 

BRIDGE WIRE 

BEFORE F I R I N G  AFTER F I R I N G  

FIGURE 8 .  SCHEMATIC DIAGRAM OF EXPLOSIVE SWITCH 

Switch a c t u a t o r s  make up t h e  l a s t  ac tua to r  type of explosive device.  They 
con ta in  s m a l l  amounts of gas-producing i g n i t e r  o r  p rope l l an t  compositions. 

Typica l ly ,  sea led- in  gas pressure  causes i n t e r n a l  p i s t o n  motion t o  open or 
c l o s e  i n t e r n a l  electrical contac ts .  Switch a c t i o n  may be s i n g l e  pole-s ingle  

throw, normally closed o r  open, s ing le  pole-double throw, o r  mul t ip l e  pole-  

double throw. 

s p e c i f i c  requirements s ince  t h e  ign i t i on  sec t ion  i s  usua l ly  a s tandard squib.  

Usual operat ion t i m e  v a r i e s  from 10 to  15 mil l iseconds f o r  instantaneous designs 

and from 20 mill iseconds to  seve ra l  seconds f o r  delayed a c t i o n  types.  

switches usua l ly  have 1 t o  10 ampere c a p a c i t i e s .  

Actuator requirements are var ied  and can be modified f o r  

The 



Under the  i n i t a t o r ,  d e s t r u c t  and separat ion c l a s s i f i c a t i o n  are higher  

energy devices such a s  primers,  explosive b o l t s ,  and detonators .  These 

devices  are e s s e n t i a l l y  high-energy t r i g g e r s .  

7 SPACER 
CASING 

I G N I T I O N  BEAD *-\ /- PLUG \ '  

10 

WIRE 

MAIN CHARGE 4 

I G N I T I O N  CHARGE 

FIGURE 9. SCHEMATIC DIAGRAM OF PRIMER 

Primers are used i n  p lace  of pressure ca r t r idges  t o  ob ta in  high-pressure 

gas impulses f o r  ac tua t ing  p i s tons ,  valves ,  e t c .  They f i n d  some use  as i g n i t e r s ,  

bu t  because of t h e i r  high energy output are usua l ly  used as medium b r i s a n t  

a c t u a t o r s .  

i s  i n  energy output and br isance.  

The only consequent d i f fe rence  between primers and o ther  a c t u a t o r s  

LEAD WIRES LEAD WIRES 

FRAGMENTATION SHIELD 

- 
[ IIllllIIIIIlll, _____cc * r p = :  - 

FRAGMENTING NON-FRAGMENTING 

FIGURE 10- SCHEMATIC D I A G M  OF EXPLOSIVE BOLTS 
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Explosive bolts function as separation devices, and thus are used in 

rocket stage'separation and similar applications. Explosive bolts can be 

fragmenting or non-fragmenting and in certain designs can be used to provide 

separation thrust. 

/- SPACER 
IGNITION BEAD 

CASING 

LEAD WIRES BRIDGE WIRE --\ LEAD WIRES BRIDGE WIRE 

MAIN CHARGE 

BOOSTER CHARGE 

IGNITION CHARGE 

BOOSTER CHARGE PLUG 

IGNITION CHARGE 

FIGURE 11. SCHEMATIC DIAGRAM OF DETONATOR 

Detonators are high-brisance devices using high explosives as their 
main charge. 
high explosives, frequently in destruct systems and in separation applications 

where detonator cord is used. 

They are used almost exclusively in the initiation of secondary 



BAS IC MATERIALS FOR ELECTROEXPLOS IVE DEVICES 

a 

I n  general ,  e lectroexplosive devices a r e  comFrised of a case,  

l ead  w i r e s ,  br idge wires ,  ecd. c losure ,  header o r  plug s e a l i n g  material, 

and explosive charge o r  charges.  

Casing 

The case  of e lectroexplosive devices  i s ,  with few except ions,  

c y l i n d r i c a l .  Case materials range from cardboard s leeves  t o  machined 

s t a i n l e s s  steel capsules ,  The type of ma te r i a l  used depends on t h e  

func t ion  of the  device an6 t h e  condi t ions of i t s  use. Low br i sance  

devices  such a s  squib i g n i t e r s ,  p ressure  ca r t r idges ,  and small gas 

genera tors  commonly use  anodized aluminum as the  casing mater ia l .  

Gi ld ing  metal  ( 9 5 - 5  copper-zinc),  Folyethylene,  bronze, copper, 

n i c k e l - s i l v e r  (65-181, and cardboard a r e  a l s o  used, O f  these  

materials, g i l d i n g  metal  i s  almost a s  widely used a s  aluminum. 

Bronze casings a r e  used pr imari ly  €or delay models w h e r e  high 

sus ta ined  hea ts  a r e  generated.  

a r e  made of brass  and var ious s t e e l s ,  

a l low the  u n i t  t o  funct ion normally without s i d e  bu r s t ing  when the  

c a s e  i s  not  wel l  supportea,  

Tb-readed cases  having hex heads 

These e x t r a  s t r eng th  cases 

Dimple and bellows motors both use bras s  ir, the  expanding 

po r t ion  of t h e i r  cases  w i t h  g i ld ing  metal (outs ide)  and steel  

( in s ide )  s leeves tc Frever t  leakage and s i d e  b u r s t .  The use  of 

s l eeves  i n  pressure  ca r t r idges ,  i g n i t e r s ,  and squibs enables them 

t o  use the  s o f t e r  metal cases  mentioned e a r l i e r .  P i s ton  a c t u a t o r s  

u s e  steel  o r  c a s t  aluminum cases with e i t h e r  steel o r  aluminum 

p i s t o n s .  Gilding metal casings can be used in- high energy devices ,  

bu t  an i n s i d e  s leeve  i s  used for  reinforcement.  

Detonators and primers general ly  have cases  made of s t a i n l e s s  

steel  o r  steel with cadmium p la t ing .  Other ma te r i a l s  used include 

aluminum, bronze, and g i ld ipg  metal 

Explosive b o l t s  a r e  regular  commercial b o l t s  with explosive 

charges i n s i d e  o r ,  i n  rcn-fragmenting types,  with a d u c t i l e  

(AIS1  4130) steel separh: L C R  sleeve over the  stud., 

1 2  



1. 
2 .  
3 .  
4 .  
5 .  
6. 
7 .  
8.  
9. 

10. 
11. 
12.  
13. 

Aluminum (anodized) 
Brass (nickel-p l a  ted) 
Bronze 
Cardboard 
Copper 
Gilding metal 
Nickel-Si lver  (65-18) 
P l a s t i c s ,  t y p i c a l l y  polyethylene 
S t e e l ,  AISI B-1113, var ious  su r face  f i n i s h e s  
S t e e l ,  304 s t a i n l e s s  
S t e e l ,  AISI 4130 
S t e e l ,  17-4 PH s t a i n l e s s  
S tee1 , 303 s t a i n l e s s  

TABLE I. CASING MATERIALS 
Lead Wire Materials 

The main s e l e c t i o n  c r i t e r i o n  f o r  lead  w i r e  material i n  EED's 
l i es  i n  whether t h e  device has a threaded o r  p l a i n  case. 
threaded cas ings ,  s o l i d  metal p i n s  are used, e s p e c i a l l y  i f  t h e  

device  has  a dual c i r c u i t .  Non-threaded u n i t s ,  e s p e c i a l l y  s ing le -  

c i r c u i t  devices ,  most o f t e n  use s o l i d  wire l eads .  Stranded w i r e ,  
which is harder t o  seal, is sometimes used. 

For 

Wires - Pins  - 
1. Brass 1. Copper 
2 .  Copper 2 .  Magnet (AWG) 
3 .  Koval 3. Nickel 
4. Nickel-Iron 4 .  S t e e l  
5 .  S t e e l  5 .  S t a i n l e s s  Steel 

TABLE 11. LEAD W I R E  MATERIALS 

Bridge Wire Materials 

Bridge w i r e  s ize  and material is determined by the  electrical 
r e s i s t a n c e  des i r ed  a c r o s ~  it, Wire size ranges from ,0005 t o  ,004 
inches  i n  diameter. 

Except ions are g raph i t e  and a i r  gap br idge  c i r c u i t s  which have 

r e s i s t a n c e s  of s e v e r a l  thousand ohms. 
heated  o r  exploded by high voltage pu l ses  from a capac i to r  and are 
used p r imar i ly  i n  de tona tor  c i r c u i t s  

Resistance ranges from .30 t o  3 ohme p e r  bridge. 

These br idge  c i r c u i t s  are 

13 



1 Air gap, ~ y ~ i c a l l v  099 i n  
2 Ccl l o ida l  graFhi te  
3 Kickel chromium i r o n  a l l o v  
4 ,  Platinum-iridium 
5 .  Flatirum-r+cdium 
6 .  Seccr hc 422 iMceormick SelFh Co,) 
7 1ungr;ter 

IABLE f Z I  BR-dDGE WIRE MATERIALS 

H e a d e r  or Flug Materials 

The header or F l u g  i s  ar imrortant  s t r u c t u r a l  p a r t  of e l e c t r o -  

explos ive  devices  :he lead. wires, Fassing throrrgb i t  i n t o  t h e  

explos ive  charge must bc sea l id  x f f i c i c n t l v  w e ~ l  t o  withstand back 

p r e s s u r e  caused by f i r i n g  I h c  beadtr  a l s c  must withstand environ- 

mental  condi t ions withodt l r t z i r g  i t s  s e a l i n g  capac i ty  

The mcst commonly u s e d  s e a l s  are g l a s s  t o  metal o r  ceramic, 

These types of seal a r e  a?mcst s t a rda rd  e n  t h r e a d e d  c a s e  devices ,  

e s p e c i a l l y  if tl-e lea& arc m e t a l  F i n s  Glass and threaded m e t a l  

p lugs  are used, the s a l i n g  around t h e  lead w i r e s  being g l a s s  t o  

g l a s s  o r  g l a s s  t o  metal These F l u g s  car_ withsrand large back 

p r e s s u r e s ,  

Cases of t h i n  cy1 i n d r i c a l  r1Jbine such as alumirum, g i l d i n g ,  

o r  o t h e r  s o f t e r  metals U S E  varioi.ts mclded p l u g s ,  gkenol ic  r e s i n  

p l u g s  being the  mcst tcpi~:ar :his tvce  1 s  used exclusively i n  

unthreaded case  mod-1s a r c  ha? rhc ca+c.  r r e s sed  around i t  The 

p lugs  bond t o  the l eads ,  -1iminating t h e  need f o r  a g l a s s  s e a l ,  

1. Bakel i te  5 f h e n o l i c  Resins 
2 .  Ceramics 6 Polyethylene 
3 Monel R 7 .  Epcxv and o the r  p o t t i n g  compounds 
4 ,  Nylon 8 Rubber 

IABLE ZV, IiEAPER MATERIALS 

Good header s e a l i n g  i s  important i n  prevent ing contamination 

of both EED's and t h e i r  environment Glass t o  metal headers  form 

t h e i r  own seal around t h e  leads and a t  t h e  case  w a l l ,  Metal headers  

are  u s u a l l y  soldered it- . I high p r e s s u r e  seals ,  welded t o  t h e  case 

with g l a s s  t o  metal s ta  irornd t h e  lead p i n s ,  Giass plugs and 

ceramic plugs are  fused to the  leads and case ,  Organic o r  phenol ic  

14 



headers  are sea led  by crm;FirLg the case around them o r  by use  of 

i n t e r f e r e n c e  f i t s  i r r  Icw-pressure apEl i ea t i cns  ( i g n i t e r s )  e An 

epoxy resin coa t i cg  i s  used a s  an a d d z t i s n a l  sea% fcr organic and 

phenol ic  headers, F l a s t z c  k a d r r s  are heated to  make them bond t o  

t h e  leads acd case, fcrming t h e i r  cwn seal.  

Closure  cf E lec t r cexp lcs ive  Devices 

The c losu re  a t  the output o r  f i r i n g  end of an EED u s u a l l y  

c o n s i s t s  of a m e t a l  d i s c  fastened i c t o  p l a c e  and sea led  by epoxy 

r e s i n  o r  welding. APcninum d i scs ,  varying i n  th ickness  from 0.260 

t o  .0015 imfies, are used i n  squibs,  gas genera tors ,  p re s su re  

c a r t r i d g e s ,  and Frimers tc FrGvide pro'secticn fro= t h e  environment. 

They also seal pressi2re ins ide  the EED to cause b e t t e r  i n i t i a l  burning 

before  t h e  d i s c  bGrsts. 

materials have a l s o  been u s e d ,  D ie txa t z r s  u sua l ly  use  s t a i n l e s s  

steel d i s c s  welded into placE c r  cse cases  with i n t e g r a l  ends on 

them. I n  dimple and bellows mcccrs, t he  movable b ra s s  s h e l l  i s  t h e  

end c losu re ,  while i n  l i c e a r  ac tua to r s ,  a p i s t o n  with "0" r i n g  seals 

i s  t h e  c losu re  

Discs  cf beryl l i im-cepper  and pyrophoric 

I g n i t e r  Explosive Charge 

The i g c i t e r  charge CP ar. EED must be a primary explos ive  i f  i t  

i s  t o  be ign i ted  hy a Ireatled \ r idge  w i r e -  This i n i t i a l  charge i g n i t e s  

less s e n s i t i v e  explcsives tn t h e  device. 

The bas i c  i g n i t e r  charge used by t h e  indus t ry  i s  a lead  styphnate 

bead encasing t h e  br idge  wire with lead az ide  packed around t h i s .  

Mercury and lead  fulminate a r e  sometimes used as che bead charge, but 

because of t h e i r  g r e a t e r  s e n s i t i v i t y  t o  h e a t ,  t h e i r  u se  i s  l imi t ed .  

Lead styphnate and lead  az ide  are f r equen t ly  used ind iv idua l ly  as 

i g n i t i o n  charges. Other ignitfcn charges include: 

1, A-5 Black powder ( d u P c r t l  6 LMMR/chlorate 
2 .  Borium chrcmate: zirccnium 7 .  Lead/selenium/nitrostarch 
3 .  Boron-potassium 3 1  trace &23;%0)  8 Lead s typhnate/selenium 
4. DDMP 9 Zirccni~m/potass ium 
5. DD"P/Fotassium ck. = + E  perch lo ra t e  

Booster Charges 

When the  EED has a main ck-arge a% l s w  s e n s i t i v i t y  o r  when i t  i s  



I .  . f a i r l y  l a r g e ,  a booster charge i s  sorretimes used ,  :he booster charge 

r a i s e s  the  heat and Fressbr r  a1iowiP.g t h e  m a i n  charge t o  burn more 

e f f i c i e n t l y  Detcnatm-s o € t c n  conta in  bccsrer  charges,  t y p i c a l l y  of 

l ead  az ide  

Main Charge 

The ma te r i a l  which makes up t h e  main explos ive  charge of an 

EED imparts t o  each device i t s  p a r t i c u l a r  Fertormance c h a r a c t e r i s t i c s .  

Various explosive m a t e r i a l s  used as main  charges by the  EED indus t ry  

inc lude .  
?fain Charges 

Ammonium pe rch lo ra t e  I ead  t h i oc yana t e  , pot as s ium 
Barium ctircm2eg zirconium c h l o r a t e ,  charcoa l ,  egyptian 
Farium n i t r a t e  ar,d zirconium lacquer  

Granu l a r  z i r  con ium , a t  omiz e? n i t  rate 
powder ( L O /  60 1 

aluminum, aluminum f l a k e s ,  WC-860 b a l l  powder (Cnidynamics) 
barium f l a k e s ,  potassium A- 5 bl a c k  powder 
pe rch lo ra t e ,  and binder FfG black powder (Holexj 
(igniter m i x ' )  5066 smokeiess powder (duPont) 

F o t as s ium F erch  1 o r a t e /  ce 1 lu l o s e  

Lead a z i d e  (pr  imer s' 
Lead mononitroresorcinate (LMNX 

E q l o s  ive Bo! t Charges 

Hercules smokeless Fcwder 
Lead oxide'borcn 
PETN ( c l a s s  XI] 

Detonator ChaxgEs 

DDNP / FETN 
DDNPlpotassium c h l o r a t e  
Lead az ide  
Lead azide/PETN 
PETN 
RDX 

Gas-Producing Charges 

LMNR Chlcra te  
L ea  c! I s E- 1 2n iuuq n i t ro s t a r ch  
lW.3 cotassibm c h l o r a t e  (60 /40)  
LM53 black powder 
3FG black powder 
he rcu le s  smokeless powder 

Elec t r ica l  Systems of EED's 

The most common e l e c t r i c a l  system used i n  EED's a t  the presen t  

t ime u s e s  a heated bridge w i r e  I n  i t s  s imples t  form, i t  c o n s i s t s  of 

two lead  wires  w i t h  a L:ct--r-sisbrance br idge  w i r e  fas tened  between. 

By sending s u f f i c i e n t  c rc tbrough t h i s  c i r c u i t ,  t h e  hea t  

generated i n  the  bridge w i r e  i g n i t e s  a primary exc los ive ,  T h i s  

c i r c u i t ,  w h i l e  s i D y l e  acd eass t o  make, h a s  l i m i t a t i o n s .  Sometimes 
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t h e  c i r c u i t  burns out hefore  ign i t i on  S t r3y  cu r ren t s ,  RE, o r  o ther  

e l e c t r i c a l  dis turbances c a n  t r e r g i z e  : h r  c i r c u i t  enough t o  cause 

misf i r i n g  

io e l i w i r a r r  t h e  r c s s i b i l i t v  cf mal tunct ion G r  m i s f i r e ,  most 

EED's provide dual c i r c u i r s  wi:h n o - f i r i  c a p a b i l i t i e s  of one ampere, 

one w a t t  Many present  devices do r o t  mcct the one ampere, one w a t t  

requirement ( typ ica l  SenGitivitv 1 . 2  a r ry re  hFC, 2 , O  AFC) and con- 

sequent ly  a re  not qGalif iea  fer many m i l i t a r y  u:es Shunting of t h e  

l e a d s  and wrapping the devices i n  metal f o i l  he lps  t o  prevent  m i s f i r e  

acc iden t s  

More soFhis t ica t sd  and r e l i a b l e  v a r i a t i c n  c f  t h e  heated-bridge 

type  c i r c u i t  J S E  p a r a l l e l  bridge wires ,  c J a l  c i r c u i t s ,  and m e t a l  

p i n s  instead of lead w i x - s  I f  one c i r c u i t  i s  ?e fec t ive ,  t he  u n i t  

can s t i l l  f i r e  when energv i s  s u ~ p l i c d  bv t h e  e t h e r  c i r c u i t ,  P a r a l l e l  

b r idge  wires  a l low t h e  c i r c u i t  t n  cpGrate i f  c n e  of  the  br idge  w i r e s  

becomes broken 

Some f i r i n g  c i r c u i t s  contair, a "ccntinLity" loop, This  merely 

provides  a way of checking h h r t h e r  an FED has been f i r e d  (an open 

c i r c u i t  i nd ica t e s  t h a t  the  ccv t inu i tv  ZQOF h35 m e l t e d ;  t h e  u n i t  has  

been f i r e d ) ,  Such 1 ~ ~ s  a r e  u s e f u l  i n  systems check-out before  

launch 

I n  t ry ing  t o  f r c v i d e  mcre  rot-ctiin ag.air:t rnalfuncticn, some 

manufacturers have d e v + l c r t a  d srark gap c i r c u i t  t c  rep lace  the 

conventional br ioge wire  ;n t h i s  c i r c i r i t ,  uecd  ~ r i m a r i l y  i n  

de tona to r s ,  a capac i tor  c i i  a ~ ~ r c x i w a t e l y  2 .O micro-iarads i s  charged 

wi th  about 100-200 v o l t s  m e  discharged acrosc an a i r  gap i n  t h e  

EED t o  generate  t h e  neede? heat a n d  pressure f o r  i g n i t i o n ,  The 

a i r  gap considerably l e s s z n s  the chance cf s t r a y  cu r ren t s  f i r i n g  

t h e  u n i t  because of the high energv rsqui red  by t h i s  scheme. 

A f u r t h e r  deve!cFmens of the spark gap idea i s  t h e  exploding 

b r idge  wire c i r c u i t  ( E W i  T h e  encrgv needed t o  e q l o d e  the  

b r idge  wire i s  supriiec! bv  a caFaciror a n d  switching c i r c u i t ,  The 

capac i to r  i s  rapidlv c : L r  j r p e d ,  ~ r @ G ~ c i n g  a cur ren t  pu lse  r ise t i m e  

of less than one micr, ~ I and a c u r r t n t  dersity g r e a t e r  than one 

m i l l i o n  amFeres Fer square ctvt imeter  i n  t h e  w i r e  Cue t o  sk in -e f f ec t ,  
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I -  
I .  -. t he  cur ren t  ii i n i t i a l l y  confined t o  the w i r e ' s  sur face .  causing t h e  

w i r e  t o  melt from t h e  sur face  inward, 

The  cur r -n t  F U ~ S C  proeuces a magnetic f i f l d  conce r t r i c  with t h e  

br idge  wire whicb e x e r t s  a~-r inward r a d i a l  p ressure  t ~ i n c h  e f f e c t ) .  

T h i s ,  togetber  w i t h  sur face  tension, causes molter beads of material 

t o  form, Luring t h i s  per iod ,  t he  e f f e c t i v e  surface temperature of t h e  

molten metal  may exceed 5,000'F. When t h e  molter, globules  separa te  

and cu r ren t  ceases  t o  flow, tbe molten p a r t i c l e s  a c c e l e r a t e  i n  random 

d i r e c t i o n s ,  Ihe r e s u l t i n g  high temperature,  high pressr;re,  and shock 

wave cause d i r e c t  i n i t i a t i o n  of p roper ly  processed e q l o s i v e  materials 

:he EBW c i r c u i t  i s  s e n s i t i v e  t o  t ransmission l i n e  lo s ses  and 

v a r i a t i o n s  i n  br idge  wire  behavior.  Ce r t a in  types of br idge  wires 

such as  tungsten a r e  s t rongly  a f f e c t e d  by impur i t ies  which can cause 

va r i ab le  w i r e  behavior.  Transmission line Eff ic iency  i s  b e s t  when 

t h e r e  i s  m i n i m u m  c u r r e n t  dens i ty ,  making i t  e i f f i c u l t  t o  t ransmi t  

t h e  high dens i tv  c L r r t n t  pulse  without l a rge  power lo s ses .  

A comparison of EED e l e c t r i c a l  systems i s  given i n  Table VI" 

Heate? Bridge 3 p e  

1, simple 
2 l ightweight  
3 >  cost 

ADVANTAGES 

E BW Tvp e 

, 18 I 

1, needs no Frinaary explosive charge 
2 ,  i n s e p s i t i v e  t c  normal s t r a y  c u r r e n t s  
3 ,  more r e l i a b l e  

L' ISADVAhTAGES 

1 .  Must use  only primary explosives  1. Bridge w i r e  material may 
which r equ i r e  only appl ica t ion  e f f ec  t opera ti on I 
of hea t  f o r  i g n i t i o n ,  

2 .  Transmission l i n e  lo s ses  may 
2 .  Requires g r e a t e r  handl ing and cause changes i n  f i r i n g  

s torage  ca re ,  due t o  the  use behavior 
of primary explos ives  

3 Mere complex c i r c u i t  (switch- 
3 ,  High s e n s i t i v i t y  t o  small ing  puls ing  c i r c u i t )  needed, 

c u r r m t s  ( i , e  , s t r a y  cur ren ts  
and vol tages  can f i r e  i t l a  4 ,  More eqens i ive  

4 ,  Exhib i t s  v a r i a t i o n =  3:: f i r e  
performance (i e , T - l i r e  
long before  o r  a f t e r  s t a t ed  
f i r i n g  cur ren t  i s  reached)"  

TABLE VI. 
COMPARISON Ob EED ELECTRICAL SSSTEMS 



I .  . COMPANIES MAKING ELECTROEXPLOS IVE DEVICES 

A i r c r a f t  Armaments, Inc .  
C ockey s v i  11 e ,  Mary land 

A i r c r a f t  Armaments, Inc. produce sealed i n i t i a t i n g  devices which 

they call t e l e c a r t r i d g e s .  They are similar t o  bellows motors, but  

t h e i r  displacement i s  g rea t e r  and more fo rce  i s  developed. 

i n  s i z e  from 0.38 inches i n  diameter t o  2.8 inches i n  diameter. 

r a t i n g s  vary from 3 t o  4,000 f t . - l b s .  

is 12 inches.  

a l l y  with NFC of 0.5 amperes and AFC of 1.5 amperes. 

i s t i c s  are dependent on the  design. 

t o  l i n e a r  ac tua to r s ,  separat ion b o l t s ,  e j e c t o r s ,  and l i q u i d  dispensers .  

They range 

Energy 

The maximum c a r t r i d g e  extension 

The u n i t s  can be  f i r e d  e i t h e r  mechanically o r  e l e c t r i c -  

Other charac te r -  

These u n i t s  have been appl ied 

A m c e l  Propulsion Company 
Ashevi l le ,  North Carol ina 

Amcel Propulsion Company produces EED's t o  customer specif  ica- 
t i o n s  with only two o r  t h ree  standard u n i t s .  

development work on new requirements f o r  i n i t i a t i n g  devices.  

s tandard detonator  i s  a 1 ampere, 1 w a t t  NFC type, with space 

environment capab i l i t y .  

from -65' F t o  400' F, with auto i g n i t i o n  a t  500' F. 
i g n i t e r  has similar c h a r a c t e r i s t i c s .  

They s p e c i a l i z e  i n  

Their 

It operates wi th in  the  temperature range 

Amcel's s tandard 

A t l a n t i c  Research Corporation 
Alexandria, Vi rg in ia  

A t l a n t i c  Research produces squib i g n i t e r s ,  p ressure  c a r t r i d g e s ,  

b l a s t i n g  caps, detonators ,  primers, gas genera tors ,  explosive b o l t s ,  

dimple motors, bellows motors, and explosive switches.  Their b a s i c  

design uses  a t h i n  one-piece metal case (usual ly  aluminum) with a 
phenol ic  o r  e imi la r  plug-type header. Sea l ing  is accomplished by 

crimping the  case around the  plug and doping i t  wi th  epoxy r e s i n .  

Metal s leeves  a r e  used inside the  case  t o  s t rengthen s i d e  walls i n  

high-performance devices .  Some threaded case models are a v a i l a b l e  

and use standard g l a s s  t o  metal seals and p i n  connectors.  Generally,  
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t h e  single-heated br idge wire lead c i r c u i t  i s  used, though double 

br idge  c i r c u i t s  a r e  a v s i l a b l t  S t a r d a d  f i r i n g  cur ren t  ranges from 

0 . 5  t o  2 amFeres, wi t? -  typ ica l  furc t icnang times o f  0 t c  10 m i l l i -  

seconds, The standard e re ra r ing  ternLerdturt range i s  from -80" F 

t o  240" F,  with some models c a p b i e  ef opera t ion  a t  400" F The 

a l t i t u d e  range f o r  t he  EED's operat ion i s  not given i n  company 

l i t e r a t u r e ,  

p ressure /vc l  , h c l e  burned in  Styrofoam block, graphs of p re s su re  

versus  volume, o r  motion aga ins t  determined fo rce  

Operating c h a r a c t e r i s t i c s  are descr ibed i n  terms of 

A t l a s  Chemical I n d u s t r i e s  
Wilmington, Delaware 

At las  produces detonators ,  sqiiib i g n i t e r s ,  small gas generators ,  

p i s t o n  a c t u a t o r s ,  brllnws motors, dimple motcrs,  cable  c u t t e r s ,  mult i -  

po le  switch?s,  p r imers ,  and e q i c s i v e  b o l t s  ,hey use  a un i t i zed  

s i n g l e  unthreadeci c a s t  &sign with a c r i q  sea led  rubber (or  s i m i l a r  

ma te r i a l )  plug-type header,  The majori ty  of t h e i r  EED's u s e  lead 

w i r e s  ins tead  of Flug-in  in leads.  A g l a s s  s e a l  i s  used around 

t h e  lead wires i r _  some models. 

pres su re  app l i ca t ions ,  metal s leeves a r e  used i n s i d e ,  The electrical 

system i n  general  use i s  the  s ing le  c i r c u i t ,  s i n g l e  br idge w i r e  type.  

They have some u n i t s  (bellcws mcjtors, sqclib i g n i t e r ,  p i s t o n  ac tua tor )  

a v a i l a b l e  which can pass  a 1 a q e r t ,  1 watt s a fe ty  requirement with- 

ou t  mi s f i r ing ,  A number of detznators  use a s i n g l e  p in  connection 

wi th  the  case  i t s e l f  a c t i n g  a s  ground. Standard AFC i s  1 t o  2 amperes 

wi th  hiFC v a r i a b l e ,  Capaci tor  discharge i g n i t i e n  systems a r e  used f o r  

t h e  detonator  c i r c u i t s ,  The normal q e r a t i n g  temperature range given 

i s  -65' F t o  165' F. An i n t e r e s t i n g  At l a s  design i s  t h e i r  r e t r a c t a b l e  

a c t u a t o r .  This l i n e a r  ac tua tor  d i v e r t s  t he  combustion gases  so as t o  

p u l l  t he  p i s t o n  back i a t e  the  case ,  It w i l l  r e t r a c t  a g a i n s t  a 20 

pound p u l l i n g  fo rce ,  

For s t reogthening the  case  i n  high- 

B e r m i t e  Powder Comparv 
Saugus, Ca l i fo rn ia  

Bermite produces i g n i t e r s ,  p ressure  c a r t r i d g e s ,  explosive 

switches, explosive b o l t s ,  safe-arm devices ,  and many o the r  
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1' explos ive  devices as w e l l  as explosive materials. 

however, a r e  developed t o  meet ind iv idua l  spec i f i ca t ions ;  the  company 

has  few standard i t e m s .  Bermite's explosive b o l t s  opera te  w i t h  a 

f i r i n g  cu r ren t  of 0,5 amperes t o  2.0 amperes, with 99.98% demonstrated 

r e l i a b i l i t y  a t  90% confidence l e v e l .  

enclosed charge and notched break p o i n t ,  The design ind ica t e s  t h a t  

fragmenting can occur a t  ac tua t ion ,  the  degree of fragmentation depend- 

ing  on t h e  e f f ec t iveness  of t h e  notch. 

These products ,  

They a r e  r egu la r  b o l t s  with an 

Eagle-Picher Company 
Jop l i n  , Missouri  

Eagle-Picher produces gas generators  t o  d i sp l ace  e l e c t r o l y t e  

i n t o  b a t t e r i e s .  The bas ic  design incorpora tes  an anodized aluminum 

case  with an aluminum header plug. Their  approximate s i z e  range i s  

from one t o  two and one-half inches i n  length,  with a -375 inch 

diameter.  The weights of these u n i t s  i s  less than t en  grams. The 

l a r g e r  generator  s i z e s  have threaded ends f o r  i n s t a l l a t i o n  and plug- 

i n  e l e c t r i c a l  r ecep tac l e .  They are hermet ica l ly  sea led ,  a f e a t u r e  

which i s  not  a v a i l a b l e  i n  smaller u n i t s .  A l l  of the  gas generators  

u s e  o the r  companies' squib i g n i t e r s  f o r  i g n i t i o n  and have f i r i n g  

c h a r a c t e r i s t i c s  of A F C  from 0 6 ampere t o  4.0 amperes. The majori ty  

of t he  generators  f i r e  a t  l e s s  than 1 0 ampere Performance i s  r a t ed  

by the  amount of e l e c t r o l y t e  displaced,  ranging from 130 cc .  t o  

8,000 cc .  Operating temperature and pressure  a r e  not general ly  given 

i n  t h e i r  ca ta logs ,  but  the usual temperature range is  from -65" F t o  

165" F f o r  such devices .  

E .  I. duPont de Nemours Company, Inc ,  
Wilmington, Delaware 

The duPont Company produces i g n i t e r  squibs ,  p ressure  generat ing 

squibs ,  de tona tors ,  and b l a s t ing  caps,  Their  b a s i c  design uses  a 

t h i n  extruded case of bronze o r  aluminum with a crimped sealed 

header .  Unit s i z e s  range from 0,375 length by 0.191 inches 

diameter t o  severa l  inches length by 0 , 2 7 2  inches diameter ,  Wire 

l eads  and a s i n g l e - c i r c u i t ,  s ingle-br idge i g n i t i o n  system a r e  used 
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exc lus ive ly .  The heated bridge wire c i r c u i t  h a s  AkC of less than 

1 ampere i n  a l l  models 1istc.d No standard 1 a q e r e  1 w a t t  u n i t  i s  

a v a i l a b l e  Performance characrer i  s t i c c  a r e  var ied ,  covering low and 

high temperatures and var icus  al:i:u?e requirements,  

The duFont ComFany i s  Froducing a miriacure d r t cna to r  (0,0018 cu. 

i n  ),  c a l l e d  the  Minidet,  wkich i s  carable  cf i n i t i a t i n g  t e t r y l  over 

an a i r  gap o f  35 m i l s  The Hinidet w i l l  flJnction a t  chosen energy 

l e v e l s  f r o m  800 t o  50,000 ergs ( 0 , l  to 1 - 0  microfarad and 40 t o  100 

v o l t s )  and uses  the EBW c i r c u i t a  I t  can a l s o  be made tc  f i r e  a t  1 

ampere or be "arc- f i re6  'I 

Gould Laboratcr ies  
Pitman, New Iersev  

Gould Froduces fcur standard Fressure c a r t r i d g e  s e r i e s  with 

e i t h e r  a F l a s t i c  or  me ta l l i c  hermetic header s e a l "  The bas ic  case 

design incorporates  a threaded S d y  with h e x  head and plug-in type 

e l e c t r i c a l  rzceFracle  Some ca r t r idges  have Sorb s ides  of the  hex 

head threaded,  Could uses s i r g l e  and dual c i r c u i t s  with and without 

con t inu i ty  loops Dual c i r c u i t  mcdels ccr t a iL  the con t inu i ty  loops,  

Each c i r c u i t  has Faral!Ei br icges ,  Srandarc!  f i r i n g  c u r r e r t  i s  2.0 

amperes and n o - f i r e  is 0 5 amrtrt-s fer  a;! models Each s e r i e s  has 

a l t i t u d e  c a p a b i f i t i e s  c f  200,000 f t ,  or mcr;. anc the cpe ra t ing  

temperatur t  range i c  -85  E t c  200 F ,  C h t t u t  i s  measured by 

p res su re  developed i n  a t e s t  chamber 

1 

Hercules Powder CoKanv 
Wilmington, D e l a w a r e  

Hercules produces small i g n i t e r s ,  p ressure  c a r t r i d g e s ,  gas 

genera tors ,  explosive switches. dimple mctorc, bellows motors, 

p r i m e r s ,  de tona tors ,  pistorz ac tua to r s ,  and explosive b o l t s ,  

Modif icat ions of these a s  well a s  o the r  devices a r e  a v a i l a b l e  on 

ind iv idua l  reques t ,  Hercu1t.s designs genera l ly  use an unthreaded 

c y l i n d r i c a l  inttal cast. V I + ?  d Fh€nolic header F h g ,  The case i t s e l f  

forms the  end c l c su re  c ~ L  i m  b e  mad€ tc be non-fragmenting. The 

e l e c t r i c a l  c i r c u i t s  usually uce lead wires i n  Freference t o  p i n s ,  
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_ -  p i n s  being used mostly with the threaded case  models. 

b r idge  c i r c u i t s  a r e  used most commenly; a three-wire ,  two-bridge c i r c u i t  

i s  used i n  some primers f o r  higher r e l i a b i l i t y  Condenser-fired carbon 

b r idges  and EBW c i r c u i t s  are a l s o  used, however, heated br idge w i r e  

c i r c u i t s  are  t h e  general  standard Functional c h a r a c t e r i s t i c s  vary from 

u n i t  t o  u n i t ,  General opera t iona l  l i m i t s  range from -65" F t o  160" F 

f o r  temperature,  0 5 t o  4 o r  5 amperes AFC, 1 t o  10 mil l iseconds f o r  

opera t ion  of instantaneous devices,  delay t i m e s  from mil l iseconds t o  

several seconds, and a l t i t u d e  l i m i t a t i o n s  of from 60,000 f e e t  o r  less 

t o  4 mm of Mercury The explosive output of Hercules '  EED's i s  

measured i n  sand crushed, flame, l i q u i d  volume d isp laced ,  dent  s i z e  i n  

a s l a b  of m e t a l ,  o r  pressure~volume,  depending on the  device and the  

p rope r ty  demonstrated, 

Two-wire s ing le-  

H i  -S hea r  C o rp ora  t ion 
Torrance,  C a l i f o r n i a  

Hi-Shear produces detonat ing c a r t r i d g e s  , gas genera t ing  power 

c a r t r i d g e s ,  g u i l l o t i n e s ,  and separa t ion  n u t s ,  Both the  ordinary 

g a s  c a r t r i d g e  and detonator  have 1 ampere, 1 w a t t  NFC c a p a b i l i t y ,  

and the  gas c a r t r i d g e s  use tbE EBW system, A l l  use  dua l  br idge 

c i r c u i t s ,  The s tandard design i s  hex s tock,  which i s  threaded a t  

one end and has a mating connection a t  the  o t h e r ,  The aluminum 

header i s  brazed t o  both t h e  lead p i n s  and the  case and i s  

he rme t i ca l ly  sealed T h e  c losure  i s  a s teel  d i s c  welded i n  p lace .  

A l l  t he  u n i t s  w i l l  opera te  i n  a vacuum and have an opera t ing  

temperature range of from -80' F t o  185' F .  The gas c a r t r i d g e s  

a re  a v a i l a b l e  i n  var ious  s i z e s  and ou tpu t s ,  Output i s  measured 

as  p res su re  per  t es t  volume, Average pressure  ranging from 630 

t o  15,500 p s i .  

Holex Incorporated 
H o l l i s t e r ,  C a l i f o r n i a  

Holex produces sq,,fb i g r i t e r s ,  p re s su re  c a r t r i d g e s ,  i g n i t i o n  

pr imers ,  g u i l l o t i n e s ,  l , i  c a r  ac tua to r s ,  ~ x p l c s i v e  b o l t s ,  and 

explos ive  switch and valve devices ,  The  b a s i c  design for  t h e i r  
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i g n i t e r s ,  i p i t i o r r  Frimers,  and pressure  c a r t r i d g e s  incorpora tes  a 

thr raded  s teel  hex Scdy h-ith g l a s s  t o  metal heackr s e a l s  and an 

epcxied o r  soldered s t e e L  c!CSurt I i n  leads a r r  ccmonly  used,  

though some ef r h c . i r  i g n i t t r s  ccme ~ i r h  l e a d  wires, and s i n g l e  o r  

dua l  c i r c u i t s  a r e  +vail .zble hc\lex u s e s  t he  hea ted  w i t - >  i g n i t i o n  

c i r c u i t  with ~ a r a l l e l  br idge wire avai h b l c  c n  Some s i n g l e - c i r c u i t  

mcdels. P in  t o  case i n s s l a t i o r  i s  2 nvpohms a t  500 velts d i r e c t  

c u r r e n t ,  Csual operat ion time of their devices  i s  5-10 mi l l i seconds  

wi th  "no-fire" c r l r r e K t  a t  0 , 5  t c  1 00 amperes and " a l l - f i r e "  cu r ren t  

a t  2 t o  4 amperes Holex h a s  recent ly  a6aFted some cf t h e i r  p re s su re  

c a r t r i d g e  u n i t s  tc t h e  1 amrcre, 1 watt "no-f i re"  requirement but  has  

~ o t  a t  t h i s  t i m e  shcwn any EBW mede?s Pirfcrmance c h a r a c t e r i s t i c s  

a r e  measured i n  foot-rounes cf c re rgy  w i t h  c s - a l  cpera t ing  condi t ions 

a t  -65" F te  250"  F ,  or a t  -300- f, 25,000 ft a l t i t u d e  t o  Frrfect 

vacuum condi t ion 

charge i n s i c e ,  I t s  l i n e a r  actuatGt-5 u ~ t  a s t a rca rd  pressure  c a r t r i d g e  

threaded i n t o  a p i s t cn  with a c v l i n d r i c a l  ca se .  

des ign  s u i t e d  fcr s p e c i f i c  r q u i r e m e n t s ,  Mcst f ab r i ca t ion  i s  sub- 

c o n t r a c t e d <  

Holex k x p l o s i u t  bc!ts are f r a p E n t i n g  with the  

holex does spec ia l i zed  

J e t  Research Cenfcr,  Zrc 
Ar l ing tcn ,  Texas 

J e t  Research FrcCucE-L: ard s t c c k s  sma:! e l r c t r i c  squib i g n i t e r s ,  

p re s su re  s q u i b % ,  b e t c r a t c r s .  and v a r i c u s  IUSCS a d  delay elements,  

I t  a l s o  produces special  squibs and d e r c r a t o r s ,  c a r t r i d g e  ac tua ted  

devices ,  bellows mo'lors, dimple mctcrs, and delay c a r t r i d g e s  f o r  

s p e c i f i c  aFp l i ca t i cns .  T h e  basic  design of the  "shelf"  i t e m s  i s  a 

t h i n  metal case w i t h  a crimped-in FbEnolic header p l u g ,  

are used, and t h e  typ ica l  s i z e  i s  0-37 inches long bv 0 . 2 7  inches 

diameter .  Output IF measured by t h e  damage dcnc t o  a lead p l a t e  

on f i r i n g .  

Wire leads  

Librascope 
Sunnvvale, G a l  i f o r n i a  

Librascope produces squib i g n i t e r s ,  de tnn3tcrs ,  b l a s t i n g  caps,  
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and t h r u s t  termination sec tors .  Their  bas i c  design uses  a threaded 

hex case with e i t h e r  bayonet o r  screw-type connectors.  Most of t he  

u n i t s  incorporate  g l a s s  t o  metal headers with hermetic s ea l ing .  Usual 

u n i t  s i z e  i s  1-00 inch length with 0.625 inch hex head. Librascope 

gene ra l ly  uses  the  EBW type c i r c u i t .  However, u n i t s  are a v a i l a b l e  

which are capable of l o w  vol tage o r  1 ampere, 1 w a t t  f i r i n g  spec i f ica-  

t i o n s .  Since the  u n i t s  a r e  hermetical ly  sea l ed ,  they w i l l  opera te  i n  

ha rd  vacuum with no loss of r e l i a b i l i t y .  

exc lus ive  use of secondary explosives.  Consequently, t he  operat ing 

temperature range of t h e i r  u n i t s  v a r i e s  from -75" F t o  850" F, with 

au to - ign i t ion  a t  temperatures i n  excess of 950' F. The ch ief  f e a t u r e  

of Librascope 's  EED's i s  i n  t h e i r  u se  of the  EBW t o  decrease t h e  

danger of mis f i r e .  Their devices with EBW can be used without safe-  

arm devices .  They are insens i t i ve  t o  ex te rna l  e l e c t r i c a l  pu l se s  less 

than 9,000 v o l t s  f r o m  500 micro-farad capac i to r .  

The EBW c i r c u i t  al lows 

McCormick-Selph Associates ,  Inc. 
H o l l i s t e r ,  Ca l i fo rn ia  

McCormick-Selph produces squib i g n i t e r s  , gas genera tors ,  p ressure  

c a r t r i d g e s ,  de tona tors ,  p i s t o n  a c t u a t o r s ,  and explosive b o l t s .  Their  

b a s i c  design uses  a threaded hex case  with e i t h e r  screw-in o r  bayonet- 

type  connectors.  The header s e a l  i s  g l a s s  t o  metal  and the  end 

c l o s u r e  i s  a sealed metal d i sc .  Pin-type leads  a r e  used i n  a major i ty  

of the  u n i t s .  Both dual  and s ing le  e l e c t r i c a l  c i r c u i t s  are ava i l ab le ,  

t h e  s i n g l e  c i r c u i t  us ing  t h e  case as ground. The explosive b o l t s  a r e  

non-fragmenting, using a metal fragmentation s h i e l d  design and threaded 

connectors.  McCormick uses  s ing le  and double heated br idge  w i r e  

c i r c u i t s ,  a 1 ampere, 1 watt  c i r c u i t ,  and EBW c i r c u i t s .  The EBW 

c i r c u i t  incorporates  an a i r  gap i n  series with the  br idge,  making 

t h e  c i r c u i t  i n s e n s i t i v e  t o  low-energy s t r a y  c u r r e n t s  and r a d i a t i o n .  

Operation t i m e  f o r  heated bridge c i r c u i t s  i s  from 0 t o  10 mil l iseconds.  

EBW'S opera te  i n  microseconds. Performance c h a r a c t e r i s t i c s  are shown 

g raph ica l ly  i n  company publ icat ion.  Output i s  measured i n  "ps i"  pe r  

tes t  chamber volume f o r  pressure  devices ,  and pounds fo rce  f o r  p i s t o n  

a c t u a t o r s .  Operational temperature range f o r  the  s tandard u n i t s  i s  
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from -65' F t o  200 ' F ,  wit5 cne i g n i t e r  cagablz cf 1,100' F opera t ion ,  

McCormick-Selph has designed Through E u i k h e a d  I a i t i a t o r s  These u n i t s  

t ransmi t  Explosive force  through a bulkhead t c  i g n i t e  explosive mater ia l  

on the o ther  s ide  Ihey a r e  n c r - e l e c t r i c ,  f a s t  ac t ing ,  i n s e n s i t i v e  t o  

s t r a y  m, and el iminate  back l-.akageo 

Olin Mathieson Chemical CorI;oration 
E a s t  Alton, I l l i n o i s  

Olin produces a wide va r i e ty  of Fressure  c a r t r i d g e s  and i g n i t e r  

squibs  as w e l l  as a few primers and t h e r m a l  switches,  However, t h e i r  

product ion concentrates  on la rge-s ize  gas genera tc rs  using an 

ammonium n i t r a t e  ccmpcsition as the chief  ingredien t  S m a l l  EED's 

a r e  i n  t h e  process c f  develqment ,  t be  f i r s t  1 a q e r e ,  1 w a t t  i g n i t e r  

squib being put i n t o  production February of 1963,  The design f ea tu res  

a un i t i zed  body with metal h e a d e r ,  They have s imi l a r  models with 

threaded case and hex ?xad t m  A gcod design f ea tu re  i s  t h e  c ros s  

coined case bottom, which, weakening the  bottom, prevents  case 

fragmentat ion,  Most. u n i t s  use wire  l e a d s ,  There a r e  few plug-in 

models, Only prel iminary spec i f i ca t ions  a r e  ava i l ab le  on t h e i r  

de tona to r s ,  higk temperature F rimers,  h i g h  pressure  and temperature 

p re s su re  c a r t r i d g e s ,  and miniature i g n i r e r s ,  They ind ica t e  the  use  

of  s ing le -un i t  unthrea6ed cases ! the pressure  squibs  a r e  converted 

t o  the  standard threaded hex stock case w i t h  p i n s ) .  

O l i n ' s  i g n i t i o n  systems general use  the  s ingle-br idge c i r c u i t .  

Some new models use  dual-bridge c i r c u i t s ,  There i s  no ind ica t ion  of 

work with exploding bridge wire c i r c u i t s .  The standard Environmental 

temperature range of operat icn i s  from -65" F t o  200" F, with some 

models capable of withstanding 500" F. 

Ordnance Engineering Associates ,  Inc.  
Chicago , I1 1 i n o i s  

A t  the  present  time, Ordnance Engineering Associates  produces 

gas  generators,  a b a l ? i z .  I C  pg l se r ,  and seve ra l  spec ia l  c a r t r i d g e s  

us ing  RDX f o r  the main . : g e .  Their  gas generators  vary i n  length 

from 3.7 inches t o  4 - 6  inches a rd  weigh from 0 ,30  l b s ,  t o  0,41  l b s .  
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The b a l l i s t i c  pu l se r  produces a s i n e  shaped thrus t - t ime curve and is 

a v a i l a b l e  with t h r u s t  r a t i n g s  from 50 l b s .  t o  800 l b s .  

i n  s i z e  from 2.81 inches i n  length by 1.50 inches i n  diameter t o  11134 

inches i n  length  by 2.00 inches i n  diameter.  The pu l se r  opera tes  from 

-65" F t o  160" F, with pu l se  dura t ion  of 7 t o  100 mi l l i seconds .  It 

is  f i r e d  by 160 v o l t  capaci tor  discharge.  

Pu l se r s  range 

Rocke tdyne 
Canoga Park,  Ca l i fo rn ia  

Rocketdyne's present  c a p a b i l i t i e s  include the  manufacture of 

rocket motors, gas generat ing devices ,  i g n i t e r s ,  and p rope l l an t s .  

Rocketdyne does not  engage in manufacture of small EED's and most 

of t he  igniters range upwards i n  weight from one pound. Output i s  
measured i n  BTU's. 

Specia l  Devices, Inc . 
N e w h a l l ,  C a l i f o r n i a  

Spec ia l  Devices, Inc. produces squib igniters, pressure  

c a r t r i d g e s ,  de tona tors ,  gui l lot ines ,  explosive b o l t s  and n u t s ,  

explos ive  switches,  p i s t o n  ad tua tors ,  bellows motors, and f l a r e s .  

The i r  b a s i c  design of i g n i t e r s  and p res su re  c a r t r i d g e s  uses  a 
threaded hex body 0.625 inchee ac ross  t h e  f l a t s .  The average 

l eng th  is approximately one inch. Pin- type connectors are used 

on threaded models. The de tona tors ,  small squibs ,  p i s t o n  a c t u a t o r s ,  

and g u i l l o t i n e s  have unthreaded cases and wire leads .  

Devices' explosive b o l t s  a r e  regular  b o l t s  conta in ing  an explosive 

c a r t r i d g e .  The b o l t  i s  notched t o  reduce fragmentation. The 

explos ive  n u t s  fragment. 

w i r e  c i r c u i t s  with two br idge  wires in most models. 

p r e s s u r e  c a r t r i d g e s  use exploding br idge  wires. 
temperatures range from -65' F t o  165' F; ~ome devices  can opera te  

a t  200' F. The usua l  a l t i t u d e  lhit i s  100,000 f t .  

f e a t u r e  of Spec ia l  Devtces' l i nea r  p i a ton  a c t u a t o r s  i s  t h a t  they have 

a very s h o r t  s t r o k e  (about .40 incher  muximum), and the  combustion 

products  are completely contained a f t e r  f i r i n g .  

Spec ia l  

Most o f  t he  devices  u s e  heated br idge  

However, sane 

Usual opera t ing  

An i n t e r e s t i n g  
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1 .  Unidynamic s 
S t .  Louis, Missouri  

Unidynamics produces gas generators ,  squib i g n i t e r s ,  p i s ton  motors, 

de tona tors ,  explosive switches, and pressure  c a r t r i d g e s ,  Their  

s tandard u n i t s  a r e  gas generators and squib ign i t e r s . .  Most u se  threaded 

cases  and hex tops f o r  simple i n i t i a l  i n s t a l l a t i o n .  Seal ing i s  the  

g l a s s  t o  metal ,  and both dual and s i n g l e  br idge w i r e s  are used. 

I g n i t e r s  and i n i t i a t o r s  capable of operat ion a t  300,000 f t .  a l t i t u d e  

a r e  a v a i l a b l e .  Their  detonators  are capable of r e l i a b l e  performance 

i n  extreme condi t ions.  

An i n t e r e s t i n g  Unidynamics design i s  t h e i r  dual system gas 

genera tor  incorporat ing two smaller genera tors  mounted s i d e  by s i d e  

i n  t h e  same u n i t ,  A s  a r e s u l t ,  it can be used twice,  once f o r  each 

gene ra to r ,  

i n i t i a t e d  by E'C cu r ren t ,  capaci tor  discharge,  o r  percussion,  depend- 

i n g  on requirements 

The generators  a re  on sepa ra t e  f i r i n g  c i r c u i t s  and can be 

Cnidynamics has u n i t s  capable of funct ioning from -100" F t o  

700" F under vacuum condi t ions.  Output i s  measured as pressure  

f o r c e  developed i n  prescr ibed chamber s i z e .  

28 
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I n  compiling the  information given above, no response was 

received from w r i t t e n  inqu i r i e s  t o  the  following companies: 

E a  ton Chemica 1 Corporation 
Trenton, New Jersey 

F i d e l i t y  E l e c t r i c  Company, Inc.  
Lancaster ,  Pennsylvania 

General Machine and Instrument Co. 
Caldwell ,  New Jersey 

Hanley I n d u s t r i e s ,  Inc .  
S t .  Louis,  Missouri  

Humble O i l  and Refining Company 
Houston, Texas 

Hunter-Bristol  Division 
B r i s t o l ,  Pennsylvania 

Lake Superior  Safe ty  Fuse Company 
Eagle River , Michigan 

Nat ional  Powder Company 
Eldred,  Pennsylvania 

Nelson Indus t r i e s  
P i t t sbu rgh ,  Pennsylvania 

P a c i f i c  Match Company 
Tacoma , Washington 

P a c i f i c  Powder Company 
S e a t t l e  , Washing ton 

P r ing le  Powder Company 
Bradford, Pennsylvania 

Propel lex  Chemical Division 
Edwardsville,  I l l i n o i s  

Sargeant and Wilbur, Inc.  
Pawtucket, Rhode I s l and  

Space Ordnance System, Inc .  
E l  Segundo, Ca l i fo rn ia  

Texas Torpedo Company 
E l e c t r a ,  Texas 

Thiokol Chemical Corporation 
Trenton, New Jersey 

West Coast Powder Company 
Evere t t , Wa sh ing t on 
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MINIATURIZATION OF EED S 

The development of EBW systems has increased the safety and 

reliability of EED's, and is the key to further miniaturization of 

these devices, 
eliminated, in addition to the elimination of out-of-line safe-arm 

devices, if the device is used in an explosive train, 
double base propellants such as nitro-glycerine, nitro-cellulose, 

and cordite can be ignited directly, It is desirable to use these 
explosives because of their high efficiency. 

temperature ,clean combustion products upon ignition, 

propellants average burning rate is 0.1 incheslsec., well below the 

rate of detonation, 

By use of an EBW circuit, the primarv charge can be 

Consequently, 

They also give low- 

Double-base 

Other choices of eqlosive charge include high density, high- 

impulse propellants, These have a density of about 0 1 1b/ino3 and 
have a specific impulse of 190 1bs.-aec./lbm, a 50-60% increase in 

i q u l s e  over HEX 1.2. However, such propel h ants are highly corrosive 
and give a high-flame temperature of about' 6,500" F on ignition, 
Another alternative is the use of secondary high explosives, such as 

PEIN and D X ,  as the explosive charge, A problem in the use of these 

Explosives icvolves what is called a "critical diameter", i-e,, in 

small quantities the explosive performance is unpredictable. It may 

exF?ode or cleflagrate, depending to a great deal OL the pressure 

around it, Low pressure usually causes the explosive to deflagrate 

rapidly, while high pressure helps maintain the explosion-type reaction. 

It is noted that relatively shock-sensitive materials such as PETN, 

HEX, and RDX, generally exhibit a smaller "critical diameter" than those 
that are shock insensitive such as TNT. Consequently, they can be 

used in smaller quantities before their performance loses reliability, 

Mechanical shock and vibration can cause "hot spots" in explosive 
-3  materials, causing ignition. These "hot spots" are about 10 to 

centimeters in diameter. They produce a temperature of 500" C 

(832" F) for 

explosives, The causes "hot  spots" include: 

to loa6 s s c .  in both prinrary and secondary 

1 adiabatic compression of small entrapped gas bubbles 
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2 .  f r i c t i o n  a t  t h e  sur face  of t he  containing wal l s ,  o r  
fore ign  p a r t i c l e s  between the  c r y s t a l s  of explosive.  

3 .  viscous heat  generation. 
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OTHER INIIIIATIKG SYSTEMS 

Other i n i t i a t i n g  systems now being ckvefoped include f i l m  

r e s i s t o r  i n i t i a t o r s ,  conductive mix systems, and spark gaps us ing  

powdered metal conductors,  

When the  br idge wire i s  replaced by a m e t a l  f i lm,  t h e  r e s i s t o r  

su r f ace  a rea  i s  independent of t h e  t o t a l  r e s i s t a n c e ,  Voltage and 

c u r r e n t  i n s e n s i t i v i t y  i s  provided simultaneously.  

In the  conductive mix ign i t ion  system, metal l ic-conduct ive 

mixes doped with graphi te  show promise, The A . R . D . E .  of the  United 

Kingdom i s  developing a conductive mix system opera t ing  from a high 

vo l t age  source of l imi ted  cur ren t  capac i ty .  

Armour Research Foundation has developed a low-energy detonator  

which uses  a mixture of RDX and ace ty lene  black as t h e  tnit tcrt lng 
composition. An a i r  gap i s  employed which f a c i l i t a t e s  t r a n s i t i o n  

from de f l ag ra t ion  to  detonation by r equ i r ing  a fixed energy level t o  
b e  reached before  the  c l r c u i t  i s  closed. The dupont Company, as m t s d  
ear l ier ,  has a similar miniature device.  

F i n a l l y ,  the  inc lus ion  of powdered i r o n  wi th in  an EplD can 

a t t e n t u a t e  e t r ay  RF signals and provide iome pro tec t ion  agrinrt 
misf ire 
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REMARKS ON THE EED ART 

After surveying company catalogs and other literature, we conclude 

that the EED industry is sorely in need of standardization of terms 

and output characteristics. There are no industry-testing standards 

or procedures, and each company describes its devices so as to make 

them look best. For example, the term "squib" may refer to a class 

of explosive devices, to a small igniter, or to a small gas generator. 

Output measurements may be described in foot-pounds force or the size 

of a dent made in a steel plate. The result is total confusion about 

the relative capabilities of devices made by various companies. 

Military environmental requirements have forced individual 

companies to conform partially to a standard. Hill Air Force Base 

is studying safety reports of "in-service" devices and plans to 

develop safety specifications that each device must meet. 
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AFC 

BACK FRESSLRE 

BELLOWS MOTOR 

BRTLKE WTW 

An abbreviat ion f o r  A l l  f i r e  Current , i , e ,  , 
t ke  c u r r e ~ t  which w i l l  r c l i a h l v  i n i t i a t e  the 
 ex^ losi\ie device 

The i r terrral  p ressure  exer ted  or  the header 
and. sop of t h e  case  \*en t h e  device i s  f i r e d .  

A noc-brisant  device formed by a th in  
cy l ind r i ca l  s h e l l  sea led  t o  a bellows. 
Wer. an i n t e r n a l  gas-prodEcing mixture i s  
ign i t ed ,  the cont rac ted  bellows eqands  
longi tudina l ly  with cons iaerable  fo rce ,  

The part  of an  FED which corresponzs t u  t he  
f i larr tnt  in a l i g h t  b u l b ,  I t s  hea t  i g n i t e s  
the  toweer charge.. 

BRISANCE The. s h a t t e r i n g  e f f e c t  of an explcsive- .  

CL OSLT E 3 3  end sea l  on the  cas ing  of ar! EEC 

COOK-OF F - TEMFERAIL RE %E t e q r r a t u r e  a t  which the  ~ x p l ~ s i w  begins 
tc  dFcomFcse, S imi la r  t c  au to - ign i t ion  
temFeraturc,  The e q l o s i v e  becomes chemic- 
31 13.7 uns tab le  

EEPONATOR 

DIMFLE MOTOR 

The r e l a t i v e l y  slcw burr ing  c r  chemical 
(fecornrcsition of a ~ r o ~ e l l a n t  tiurning ra te  
I J S I ~ E ~ I I V  1sss  than 2,000 meters ’sec ,  The 
react icn i s  a surf3ce r e a c t i c n  

A F i 2 h  t*xC?osivr device wbich w i l l  r e l i a b l y  
i n i r i a t e  o ther  high exFlosives  by a deton- 
a t i n g  wave or  shock-front a c t i o n ,  

A small e l e c t r i c a l l y  i n i t i a t  ;d non-brisant 
ac tua t c r  which, when f i r e d ,  causes the  s h e l l  
bottom, wkick i c  dimpled inwardly i n  a round- 
ed cone shape, t o  move outward. 

DUAL BRIDGE WIRES This r e f e r s  t o  a n  EED which has  two br idge 
:;ires ir  p a r a l l e l  i n  t he  same c i r c u i t ,  This  
gives the  u r i t  redundar.cy s ince  the  c i r c u i t  
w i l l  q e r a t e  i f  one w i r e  i s  broken, 

E BW 

EXPLOS I VE BOL. T 

3’- abbrevia t icn  cf Exploding Bridge Wire 

i r amen t ing  o r  non-fragmenting, A b o l t  t h a t  
i s  fractured by a conrained explosive charge 
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EXPLOSIVE TRAIN 

FRAGMENTATION SHIELD 

GAS GENERATOR 

HEADER 

IGNITER 

IN-LINE 

NFC 

OUT-OF-LINE 

PISTON ACTUATOR 

PRESSURE CARTRIDGE 

PRIMARY OR LOW 
EWLOS IVES 

A s e r i e s  of explosive elements o r  charges 
s t a r t i n g  with t h e  most s e n s i t i v e  (or  e a s i l y  
f i r e d  charge) and ending with a least 
sens i t i ve .  Each element i g n i t e s  the  element 
ahead of i t  i n  l i n e ,  thus allowing a small 
EED t o  i n d i r e c t l y  l i g h t  a l a r g e  explosive 
charge e 

A metal s leeve  used around some explosive 
b o l t s  t o  prevent fragments of t h e  b o l t  from 
doing damage when the  b o l t s  are f r ac tu red .  

A pyratechnic device i n  which a p rope l l an t  
i s  burned t o  produce a sus ta ined  flow of 
pressurized gas a 

The end seal o r  p lug  c losure  where the  l eads  
connect t o  the  cas ing  of t he  EED. 

A pyrotechnic device used t o  i n i t i a t e  
burning of a f u e l  mixture o r  a p rope l l an t .  

A term used t o  descr ibe  the  p o s i t i o n  of an 
explosive element i n  an explosive t r a i n .  I n  
t h e  " in- l ine"  p o s i t i o n ,  an  element w i l l  f i r e  
t h e  next  one i n  t h e  t r a i n  when i t  i t s e l f  i s  
f i r e d .  

An abbreviat ion f o r  No F i r e  Curren t .  The 
cur ren t  which can be sa fe ly  passed through 
the  br idge w i r e  of t h e  device without 
i n i t i a t i n g  i t .  

An explosive element i n  the  "out-of-l ine" 
pos i t ion  i n  an explosive t r a i n  w i l l  no t  
f i r e  t h e  next  element i n  the  t r a i n  when it 
i t s e l f  i s  f i r e d .  

A self-contained EED whose i n t e r n a l  gas  
pressure  causes a p i s t o n  t o  push out  t he  
end of t h e  u n i t ' s  case with a large. fo rce .  

A pyrotechnic device which produces a high- 
pressure  impulse f o r  an i n s t a n t  of t i m e  with 
l i t t l e  r e s i d u a l  p re s su re .  

These explosives  are those,  such as lead 
azide,  which are s e n s i t i v e  t o  hea t  and 
shock and can be ign i t ed  by hea t  a lone .  
They d e f l a g r a t e  in s t ead  of de tona t ing  when 
igni ted .  
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I .  PRIMER 

PYROPHOR~C 

'I 
c 

.TERI. 

SAFE-ARM DEVICE 

L 

SECONDARY EXPLOSIVES 

SIDE BURST 

SQUIB 

THRUST TERMINATION 
SECTORS 

I 

DDNP 

LMNR 

PETN 

RDX 

HMX 

A primary initiating device to produce a hot 
flame. A primary stimulus-sensitive component 
generally used to generate a brisant output for 
initiating detonating compositions. Infrequently 
used to initiate deflag-compositions. 

Material capable of igniting spontaneously 
when exposed to air. 

A device used to position an explosive 
element in the "in-line" (arm) position or 
the "out-of-line" (safe) position. 

These explosives are insensitive to ignition 
by heat alone and are usually ignited by a 
combination of heat and pressure, usually by 
a shock wave. On ignition, these explosives 
detonate, producing heat and a high-pressure 
shock wave. 

A malfunctioning of the electroexplosive 
device in which case walls burst open before 
the output end seal does. The cause is 
usually improper side support case mounting. 

A small non-brisant pyrotechnic device to 
produce a limited flash or flame, or, 
infrequently, pressurized gas. 

Units which act as rocket-thrust terminators 
by permitting release of a closure part, thus 
venting the rocket motor. 

EXPLOSIVE COMPOUNDS 

Diazo dinitro phenol, a primary explosive 
used as an initiator, detonator, or brisant 
gas producer. 

Lead mono nitro resorcinate, a primary 
explosive used as an initiator or low- 
brisance gas producer * 

Penta erythritol tetra nitrate, a secondary 
(high) explosive used as a detonating main 
charge. 

cyclo trimethylene trinitramine, an organic, 
relatively insensitive high explosive with 
;cod high- temperature properties. 

A fraction of RDX, with slightly better 
high-temperature properties a 
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